Grape pomace is the source of bioactive compounds (anthocyanins, flavonols, flavan-3-ols, and stilbenes) which exhibit antiproliferative actions on cell cultures. We have investigated the antitumoral effects of grape pomace and grape seed extracts on colon cancer cells (Caco-2, HT-29) and fibroblasts. Crude extracts prepared from white and red pomace, and grape seeds, reduced the viability and proliferation of Caco-2. HT-29 cells were resistant to these actions. Purified extracts were then prepared from the same sources and compared with the LDH test; again, all three extracts were active and purified extract from grape seed was the most potent and specific on Caco-2 cells. HT-29 cells were more sensitive to these purified extracts.
| INTRODUC TI ON
Great effort has been directed to isolate and characterize potential chemopreventive agents present in vegetables and fruits, since the latter have been hypothesized to be major dietary contributors to cancer prevention (Glade, 1999) . Many of these phytochemicals have shown promising anticancer efficacy in cell cultures and animal models, including bioflavonoids such as catechins, proanthocyanidins, phytoestrogens, and other phenolic compounds (Amico et al., 2009; Faria, Calhau, de Freitas, & Mateus, 2006; Fresco, Borges, Marques, & Diniz, 2010; Khan, Adhami, & Mukhtar, 2009; Lamoral-Theys et al., 2010; Liu, Jiang, & Xie, 2010; Sun, Yuan, Koh, & Yu, 2006) .
The most common industrial methods to obtain phenolic extracts from grape pomace are based on conventional solid-liquid extraction with ethanol-water solutions or sulfite-containing water (Sefcal process; Gonzalez-Paramas, Esteban-Ruano, Santos-Buelga, de Pascual-Teresa, & Rivas-Gonzalo, 2004) . Different alternative procedures have been tested in the last decades: the use of hydroalcoholic mixtures in different proportions and temperatures, including extraction assisted by different systems such as autoclaves or soxhlet extraction (Campos, Leimann, Pedrosa, & Ferreira, 2008; Cruz, Conde, Domínguez, & Parajó, 2007; Cruz, Domínguez, & Parajó, 2004) ; enzymatic treatments that produce the degradation of cell wall polysaccharides (Maier, Göppert, Kammerer, Schieber, & Carle, 2008; Meyer, Jepsen, & Sørensen, 1998) ; new technologies such as supercritical fluid extraction with CO 2 or modified CO 2 (Campos et al., 2008; Pinelo et al., 2007) ; superheated liquid extraction (Luque-Rodríguez, Luque de Castro, & Pérez-Juan, 2007) ; and treatments based on ultrasonic, pulsed electric field and high hydrostatic pressure (Corrales, Toepfl, Butz, Knorr, & Tauscher, 2008) . However, many of these procedures are difficult to scale to industrial production. Beyond its use as a source of ethanol, seed oil, and other valuable products, grape pomace is a source of phenolic substances (Kammerer, Claus, Carle, & Schieber, 2004) , recognized as antioxidant and antiproliferative molecules (Lazze et al., 2009; Zhou & Raffoul, 2012) , so it is highly recommended to find biomedical applications to this natural asset. Substances extracted from grapes (flavan-3-ols, flavonols, etc.) have demonstrated to exert numerous and different biological effects in several cancer types, both in vitro and in vivo (Gómez-Alonso et al., 2012; Kaur, Mandair, Agarwal, & Agarwal, 2008; Kaur, Singh, Gu, Agarwal, & Agarwal, 2006; Kim et al., 2005; Li et al., 2009 ). Pro-apoptotic effects and growth inhibition are among the most prominent (Agarwal et al., 2007; Inaba et al., 2008) . Some studies have attributed the anticancer effects of grape extracts to epigallocatechin or procyanidin; however, the composition of these extracts is highly complex (Cavaliere et al., 2008) , and therefore, other substances could be also involved. Anthocyanins, flavonols, stilbenes, and flavan-3-ols are among these candidates and are concentrated in the skin part of grapes, while flavan-3-ols belong to the only important group of polyphenols in grape seeds (Kammerer et al., 2004) . In this work, we investigated the antiproliferative and cytostatic effects produced by grape pomace and grape seed extracts on colon cancer cells (Caco-2, HT-29) and fibroblasts (CRL2072). These effects were compared with two different extracts, crude or purified, on the same cell lines. We also tested the biological activity of the phenolic and anthocyanin subfractions of the purified extract from the red pomace to ascertain which is active. Finally, we also developed a gene expression study to determine the expression of several cell cycle regulating genes likely influenced by the extracts.
| ME THOD

| Cell cultures
Colon cancer cells (Caco-2, HT-29) and fibroblasts (CRL2072) were used to study the biological activity of the extracts. Cells were maintained in Dulbecco's modified Eagle's Medium (DMEM) supplemented with 10% heat-inactivated fetal bovine serum, 2 mM l-glutamine, and penicillin (100 U/ml)/streptomycin (100 g/ml) in flasks (75 cm 2 surface area; Sarstedt, Spain) at 37°C under 40% humidity with a 5% CO 2 atmosphere.
| Grape extracts
All extracts and enriched fractions were prepared from red and white grape pomaces provided by a winery located in Castilla-La Mancha (Spain). Grape seeds were supplied by a grape pomace processing industry. Samples were stored at −20°C until used. Grape pomaces and seed were powdered while frozen by means of a grinder Stephan UMC (Stephan Food Service Equipment GMBH) in the presence of dry ice.
Crude phenolic extracts were prepared from pomaces or seeds by diluting 150 g of powdered samples in 300 ml of ethanol/water solution (50:50 v/v) at 40°C during 15 min under stirring. Solids were separated by centrifugation for 10 min at 3,500 g and extracted again following the same procedure. Combined supernatants were evaporated under vacuum to remove ethanol, and the aqueous concentrates were freeze-dried to obtain powdered extracts of white grape pomace (cW), red grape pomace (cR), or grape seeds (cG).
Amberlite XAD-7 polymeric resin was used to remove sugars, organic acids, and salts from crude extracts, thus providing purified extracts of white grape pomace (pW), red grape pomace (pR), or grape seeds (pG). A further fractioning step was carried out from pR by using two resins, MCX (mixed cation exchanger) to separate noncationic polyphenols from anthocyanins (in form of flavylium cation at acidic pHs) and C18 to eliminate in the anthocyanin fraction the acid excess used for its recovery. This procedure, adapted from Castillo-Muñoz et al. (2010) , enabled obtaining a pR subfraction enriched in anthocyanins (apR) and another one mainly containing nonanthocyanin phenolics, especially flavonols and flavan-3-ols (fpR). As in the case of crude extracts, all the purified fractions and subfractions were freeze-dried to obtain powdered extracts. All the extracts were first dissolved in 1% dimethyl sulfoxide (DMSO) and then in culture media before being added to cell cultures for biological evaluation.
| HPLC-DAD-ESI-MS/MS analysis of phenolic compounds
Crude and purified extracts were analyzed by HPLC-DAD-ESI-MS/ MS to determine the content of anthocyanins (including 3-glucosides of delphinidin, cyanidin, petunidin, peonidin and malvidin and their acylated derivatives), flavonols (including myricetin, quercetin, laricitrin, kaempferol, isorhamnetin, and syringetin, both as aglycones and as 3-glycosides), hydroxycinnamic acid derivatives, flavan-3-ols (including monomers, dimers, and oligomers), and stilbenes (including t-resveratrol, c-resveratrol, t-piceid, and c-piceid) .
HPLC separation, identification, and quantification of anthocyanins, flavonols, and hydroxycinnamic acid derivatives Flavan-3-ols and stilbenes were analyzed in an Agilent 1200 series system equipped with a diode array detector (DAD; Agilent) and coupled to a mass spectrometry system AB Sciex 3200 Q TRAP (Applied Biosystems) operating in Multiple Reaction Monitoring (MRM) mode; data processing was carried out with Analyst MSD software (version 1.5). Chromatographic separation was achieved on an Ascentis-C18 column (4.6 × 150 mm; 2.7 μm particle; Supelco) and thermostated at 16°C and with a flow rate of 0.3 ml/min, according to the method described by Rebello et al. (2013) .
| Cell proliferation assay (Alamar blue)
The Alamar blue assay was used to assess the effects of extracts Absorbances were determined at 570 and 600 nm and used to calculate cell proliferation after 2, 4, and 24 hr of incubation.
| Cell morphology assay (Crystal violet)
The effects of extracts on cell morphology after 24 hr of incubation were studied by optical microscopy. Caco-2, HT-29, and fibroblasts (25 × 10 4 cells) were seeded in 35-mm plates with complete DMEM.
After 24 hr, the medium was replaced by DMEM containing the extracts, and 24 hr later, the cells were fixed with 10% formol. After 5 min, the fixative was removed and crystal violet solution was added to the plates for 10 min. Then, it was revealed with 96% ethanol, processed to direct observation, and imaged by optical microscopy using a Nikon ECLIPSE Ti-U microscope at 40×.
| Cytotoxicity assay (Lactate Dehydrogenase)
In these studies, the cytotoxic effect of purified extracts and subfractions (pG, pW, pR, apR, and fpR) was evaluated by lactate de- 
| Gene expression assay (qRT-PCR)
The study of the effects of the extracts on the expression of genes involved in cell cycle was performed by real-time quantitative PCR on Caco-2 and HT-29 cells incubated with the test extracts (20 μg/ml pW and pG; 5 μg/ml apR and fpR) under similar conditions as before.
Pre-designed Real-Time ready Custom Panels (Roche) were used in which the Bax (BCL2-associated X), Ptgs2 (prostaglandin-endoperoxide synthase 2), Myc (myelocytomatosis viral oncogene homolog), TA B L E 1 Phenolic composition of the different grape pomace and grape seed extracts used in this study and Cdk4 (cyclin-dependent kinase 4) genes are represented. Gapdh (glyceraldehyde-3-phosphate dehydrogenase) and Rn18S1 (18S1 ribosomal RNA) were used as reference genes. The real-time quantitative PCR was carried out in a LC480 thermocycler (Roche), and the method for calculating mRNA levels for each gene used was ΔΔCt.
| Statistical analysis
The GraphPad PRISM software 7.0 was used for the statistical analysis. Comparisons between two experimental groups were performed with Student's t tests, and one-way ANOVA or two-way ANOVA (when applicable) followed by Dunnett's and Bonferroni post hoc tests (respectively) when the number of experimental groups was higher. Statistical significance was considered at the .05 level.
| RE SULTS
The phenolic composition of the extracts used in this study is presented in Table 1 Purified grape extracts exhibited similar cytotoxicity on Caco-2 cells, with a low concentration/effect ratio at the doses studied, with maximum effect close to 30% of maximum LDH released (positive control) in both cases. The pG extract showed a more evident concentration-response effect, approaching 50% of toxicity at the highest concentration used (Figure 4 , Caco2). These results were qualitatively similar to those obtained with the crude extracts and suggest that the pG extract tends to be the most active on this cell line, as it also indicates the fact that 100 and 200 μg/ml of pG had significantly more effect than pW and pR. In the case of pR, the biological activity seems to reside almost completely in the nonanthocyanin phenolic fraction (fpR), since the anthocyanin fraction (apR)
hardly had any effect. In fact, the fpR extract exhibited appreciable activity at concentrations as low as 5 μg/ml, although that effect did not increase at higher concentrations ( Regarding the study of the cell cycle regulators, results obtained in Caco-2 cells showed a very pronounced overexpression of Ptgs2 mRNA level after pW incubation (Figure 6 ). In contrast, pW and the rest of tested extracts did not affect Bax or Cdk4, and only induced a decrease on Myc mRNA expression in Caco-2 ( Figure 6 ). This effect was even more striking and reached statistical significance in cells, where all the tested extracts induced a significant decrease compared to control and pG extract proved to be the most active decreasing Myc mRNA level (Figure 7 ).
| D ISCUSS I ON
Purification of phenolic compounds from natural sources to homogeneity is a challenging task (Anantharaju, Gowda, Vimalambike, & Madhunapantula, 2016) . Therefore, several studies have tested the ability of either crude extracts rich in phenolic compounds or the fractions containing a mixture of phenolic compounds for inhibiting cancer cell proliferation in vitro and in vivo (de Oliveira et al., 2013; Ghasemzadeh & Jaafar, 2013) .
In this work, the possible cytotoxic and antiproliferative effects of crude extracts of grape pomace and seeds (cW, cR and cG) were initially evaluated in colorectal cancer cells by using the Alamar blue test. These experiments showed an antiproliferative effect on Caco-2 cells with an order of activity cW > cR > cG. However, these effects did not correlate with the cytotoxicity of the extracts when assessed by optical microscopy, since cG appeared to be the most potent extract. These apparent discrepancies led us to expand our studies with the lactate dehydrogenase (LDH) test, which fitted much better with optical observations: Thus, cG produced the highest release of LDH, followed by cW and cR. Accordingly, we selected the LDH procedure to further progress with the study of purified extracts. Presently, we cannot provide a reason for the inconsistency between the results of morphological observations and LDH test on one hand and those of the Alamar blue test on the other. Anyhow, the results obtained do not recommend the use of the latter procedure in similar studies. If we consider that the cytotoxicity of crude extracts on the control cell line was similar, it appears that the specificity of cG on Caco-2 cells was higher than that of cW and cR.
The results obtained with the purified extracts on Caco-2, HT-29, and fibroblasts cells clearly showed that the procedure used significantly enhances the biological activity of the extracts, and further supports the idea that grape seeds provide the most potent and specific effect on colorectal cell lines. In the particular case of red pomace, the biological activity of the extracts seemed to reside almost completely in the compounds that are present in nonanthocyanin phenolic fraction, since the anthocyanin fraction hardly produced any effect. Moreover, the cytotoxic activity of the nonanthocyanin phenolic fraction has a marked specificity on colorectal cancer cells, with a poor effect on fibroblasts. These data support the results obtained in other studies where phenolic compounds and flavan-3-ols are likely to participate in the overall grape seed extract-mediated anticancer effect, both in vitro (Anantharaju et al., 2016; Dinicola et al., 2012; Jaganathan, Supriyanto, & Mandal, 2013 Regarding the mRNA levels of the selected cell cycle regulator genes, we detected a high overexpression of Ptg2 after pW incubation on Caco-2. This gene codes for cyclooxygenase-2 (Cox2), an inducible protein that is responsible for prostaglandins biosynthesis which are involved in inflammation and mitogenesis (Jiang & Dingledine, 2013) . In addition, the overexpression of Cox2 has been specifically linked to some hereditary colorectal tumors such as familial adenomatous polyposis (Burn, Mathers, & Bishop, 2013) . Thus, the effect of pW on gene expression would be, at first, counterintuitive, considering the antiproliferative and cytotoxic effects observed after pW incubation in our experiments.
Consequently, further experiments are needed to reveal the exact meaning of this gene regulation. In contrast, both pW and the rest of purified extracts tended to decrease Myc expression in Caco-2. This decrease was significant in the case of HT-29 cells, where pW proved to be effective downregulating Myc mRNA level. Myc is an oncogene whose overexpression in human tumors of several types has been described for more than two decades. It is a transcription factor that together with the MAX protein either activates or represses the expression of genes involved in cell cycle progression, angiogenesis, apoptosis, response to DNA damage, and so on (Patel, Loboda, Showe, Showe, & McMahon, 2004) . The decrease in Myc expression would therefore be compatible with an antiproliferative effect of the extracts, which could also be specific on colorectal tumor cells as F I G U R E 5 Cytotoxicity of red pomace fractions on Caco-2, HT-29, and CRL2072 cells (apR = anthocyanin red pomace; fpR = nonanthocyanin phenolic red pomace), quantified with the LDH test. Bars represent means ± SEM. *p < .05, **p < .01, and ***p < .001 respect to negative control group (0.5%-1% cytotoxicity). # p < .05 respect to other extracts at the same concentration F I G U R E 6 Quantification by qPCR of the effect of grape extracts (pW = white pomace; pG = grape seed; fpR = nonanthocyanin phenolic red pomace; apR = anthocyanin red pomace) on the expression of genes related to cell cycle regulation in Caco-2 (mRNA level referred to control). Bars represent means ± SEM. ***p < .001 respect to control group F I G U R E 7 Quantification by qPCR of the effect of grape extracts (pW = white pomace; pG = grape seed; fpR = nonanthocyanin phenolic red pomace; apR = anthocyanin red pomace) on the expression of genes related to cell cycle regulation in HT-29 (mRNA level referred to control). Bars represent means ± SEM. ***p < .001 respect to control group. # p < .05 respect to fpR and apR long as it is not seen in fibroblasts. However, further experiments are needed to reveal the exact meaning of this gene regulation.
In conclusion, our results suggest a likely antitumor effect of the extracts studied, where grape seed extracts and the nonanthocyanin phenolic fraction tended to be the most active on colorectal cancer cell lines. However, purification and fractionation should be continued to discover the most active molecule.
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